ABSTRACT.-I studied the frequency with which Emperor Geese (Chen canagica) of known age were observed breeding on the Yukon-Kuskokwim Delta, Alaska. No one-or two-year old geese were observed on nests. Three-year old geese bred at a lower rate than four-year old geese. These data suggest that patterns of age-specific breeding in Emperor Geese are similar to other sympatrically nesting, large bodied geese [Greater White-fronted Geese (Anser albifrons)] but delayed relative to smaller bodied geese [Cackling Canada Geese (Branta canadensis minima) and Pacific Black Brant (B. bernicla nigricans)]. Received 23 Oct. 1999, accepted 5 Feb. 2000 Age-specific frequencies of breeding are of theoretical and applied interest. Age of first breeding reflects a trade-off between current and future reproduction (Viallefont et al. 1995) and thus is a key element in the evolution of demographic life histories (Stearns 1992). Ages of maturation and first breeding affect generation time, and place an upper bound on the rapidity with which populations can grow. All other demographic parameters being equal, a species with an earlier age of breeding will have a higher annual growth rate than a species that begins breeding at a later age (Stearns 1992).
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Four species of geese breed sympatrically on the Yukon-Kuskokwim Delta (Y-K Delta), Alaska (Spencer et al. 1951) . Black Brant (Branta bernicla) are the most thoroughly studied; occasional one-year olds breed, 72% of two-year olds, 73% of three-year olds, and at least 90% of four-year and older geese breed (J. Sedinger, unpubl. data) . Although less rigorously quantified, Cackling Canada Geese (B. canadensis minima) exhibit similar patterns to brant (C. Ely, unpubl. data) . Age of breeding of Greater White-fronted Geese 1 Alaska Biological Science Center, Biological Resources Division, U.S. Geological Survey, 1011 East Tudor Road, Anchorage, Alaska 99503; E-mail: joelschmutz@usgs.gov (Anser albifrons) in northern Canada appears to be one year later than for brant (Warren et al. 1992) ; two-year old geese occasionally bred, but the mean age of breeding was greater than three years.
No previous researchers of Emperor Geese (Chen canagica) have examined age-specific breeding. Such information may prove valuable to understanding the evolved similarities and differences in life history between these four species of geese coexisting on the Y-K Delta. Differences in age-specific breeding between Emperor Geese and other Y-K Delta goose species could help explain why population growth rates observed for this species are lower than for other species (Petersen et al. 1994 , Bowman et al. 1999 . Here I document breeding by different age classes of Emperor Geese.
I conducted this study during 1993-1998 in a 90 km 2 area along the Manokinak River on the Yukon-Kuskokwim Delta, Alaska (61Њ 10Ј N, 165Њ 10Ј W). Each year, a crew of assistants and I rounded up flocks of flightless geese during their wing molt in late July and early August. Each captured goose was classified to sex and as either a gosling or an adult. We attached a standard Fish and Wildlife Service metal band and a plastic band with a unique alpha-numeric code to their tarsi. In late May and June of each year, we searched the same areas to locate nesting geese. When nesting geese were located, we used spotting scopes to scan their legs when they stood on the nest rim upon our approach. Geese originally banded as goslings and subsequently seen on nests constitute my sample for assessing age-specific breeding.
We banded 165 female goslings in 1993, 190 in 1994, and 125 in 1995 . The younger age classes had progressively more opportunity to be observed nesting. In 1995 only twoyear old geese were observable, in 1996 only two-or three-year old geese were observable, in 1997 only two-, three-, or four-year old geese were observable, and in 1998 five-year old and younger geese were observable. We never observed any one-or two-year old geese on nests. We observed a total of 3 threeyear old, 7 four-year old, and 3 five-year old geese on nests. Four geese were observed on nests in multiple years; three as both four-and five-year olds and one as a three-and fouryear old.
The principal conclusion from this study is that few (if any) two-year old geese breed and that three-year old geese breed at a lower frequency than older geese. The small sample sizes of this study necessitate a cautious interpretation. However, qualitatively, these patterns appear similar to those for Greater White-fronted Geese (Warren et al. 1992) . In contrast, sympatric Black Brant and Cackling Canada Geese frequently breed at two years (72% of such brant) and numerous one-year old breeders have been documented (J. Sedinger, unpubl. data; C. Ely, unpubl. data) . These interspecific differences are consistent with models describing positive relationships between body size and age at maturation (Stearns 1992) . Adult female Greater Whitefronted Geese (1809 g; Ely and Dzubin 1994) and Emperor Geese (1638 g; Petersen et al. 1994) are similar in mass when their eggs hatch and much larger than Black Brant (1025 g; Reed et al. 1998) and Cackling Canada Geese (1137 g; C. Ely, unpubl. data) .
Life history theory predicts that interspecific differences in age-specific reproduction among potential competitors, as apparently occurs among geese on the Y-K Delta, should be accompanied by counter-balancing differences in survival and longevity (Stearns 1992) . Interestingly, despite an earlier age of breeding, survival of Black Brant (Ward et al. 1997) was as high or higher than that observed for Greater White-fronted Geese (Schmutz and Ely 1999), Emperor Geese (Schmutz and Morse 2000), and Cackling Canada Geese (Raveling et al. 1992; Fowler and Ely, unpubl. data) . These comparisons are complicated by differences in the time of study and effects of harvest; nonetheless, they suggest further examination of the comparative life histories of these sympatrically breeding species is warranted.
Since 1986 Greater White-fronted Geese and Cackling Canada Geese on the Y-K Delta have increased at average annual rates of about 11% and 14%, respectively (Bowman et al. 1999) . I am unaware of population increases in geese more than 14% per annum, other than by immigration. Using models of Schmutz and coworkers (1997) , the difference in population growth rates between these two species is approximately equivalent to a one year difference in age-specific breeding frequencies (i.e., model breeding frequencies of one-, two-and three-year old small-bodied geese as respectively equal to that for two-, three-, and four-year old large-bodied geese; Schmutz, unpubl. data). Although population growth in Emperor Geese is currently lower (Bowman et al. 1999, Eldridge and Dau 1999) , the potential maximum sustained population increase of this species may be limited to that seen in Greater White-fronted Geese and not in Cackling Canada Geese, based on the species specific patterns in age-specific breeding. Diets of migrating and wintering Sandhill Cranes (Grus canadensis) from the mid-continental United States consist predominately (88-100% aggregate volume) of agricultural grains throughout most of their range (Iverson et al. 1982 , Tacha et al. 1985 , Walker and Schemnitz 1987 . However, previous researchers on diet composition of Sandhill Cranes wintering in southern Texas found that these birds principally fed (94-100% aggregate volume) on native plant and animal matter (Guthery 1975, Hunt and Slack 1989) . Hunt and Slack (1989) investigated winter diets of Sandhill Cranes at Aransas National Wildlife Refuge using fecal samples, and found that wolfberry (Lycium virginiana) fruits, live oak (Quercus virginiana) acorns, and insects were the predominant foods by volume and frequency of occurrence. Guthery (1975) habits in coastal Texas using gizzard contents and found that native plant and animal matter comprised 91% of the diet. Additionally, Lewis (1974) determined diets of 20 Sandhill Cranes from the Mid-Coast of Texas using upper digestive tract contents and found that agricultural grains comprised a moderate proportion of their diet (60% total volume) relative to cranes wintering in other regions of Texas. Unfortunately, use of different and often biased methods in previous studies of crane food habits complicates comparison of results. Our objectives were to compare diets of Sandhill Cranes among 4 regions in Texas, including 2 regions for which no previous data exist (i.e., Rolling Plains and South Texas Plains), and to investigate variation in diet composition between sexes and among Sandhill Crane subspecies.
METHODS
We determined winter diets of After Hatch Year (AHY) Sandhill Cranes from the Mid-(n ϭ 65) and Lower (n ϭ 18) Coasts of Texas, South Texas Plains (n ϭ 24), and Rolling Plains (n ϭ 29) during November 1996-January 1997 (Fig. 1) . Sandhill Cranes were collected by shooting as they returned to roost sites in the evening or as they left the roost sites in the morning. We attempted to randomly select specimens and collect no more than one crane per flock. Roosts were comprised of at least 30 flocks of cranes and flock size was variable. Flocks generally returned to roosts from many directions suggesting that they were feeding in different areas. We collected 10-20 cranes from each county (see Fig. 1 ) in each region; however, sample sizes were smaller in some counties in the Rolling Plains and South Texas Plains because of lower densities of cranes. Cranes were frozen as soon as possible after collection to minimize post-mortem digestion of foods. Specimens were sexed by gonadal examination. Discriminant models derived from measurements of AHY Sandhill Cranes of known sex and breeding origin (D. H. Johnson, unpubl. data) were used to partition our sample of cranes into Lesser Sandhill Cranes (G. c. canadensis), Canadian Sandhill Cranes (G. c. rowani), and Greater Sandhill Cranes (G. c. tabida), the 3 subspecies wintering in central and coastal Texas (Guthery and Lewis 1979, Tacha et al. 1986 ). Food contents were subsequently removed from the upper digestive tract (i.e., esophagus and proventriculus) of each bird and individually stored in 80% ethanol. Contents from the gizzard were not included because of potential biases associated with different passage rates of food items through this organ (Swanson and Bartonek 1970) . Contents from each upper digestive tract were later identified, sorted, and oven dried to constant mass at 75-80Њ C.
Diets of wintering cranes were quantified as frequency of occurrence and aggregate percent dry mass for each food. Dry mass was selected to evaluate dietary importance of foods instead of volumetric measurements to provide a better basis for nutritional interpretation of the diet (Reinecke and Owen 1980). 2 analysis was used to test for differences in frequency of occurrence of food items among regions, subspecies of cranes, and between sexes (SAS Institute 1997). We investigated variation in aggregate percent dry mass of foods among regions, subspecies, and between sexes using Kruskal-Wallis 1-way analysis of variance tests (SAS Institute 1997). We then used a Dunn's multiple comparison test (Zar 1996; 227) to determine where differences occurred if the results of the Kruskal-Wallis test were significant. All analyses were made using SAS, version 6.12 for an IBM.
RESULTS
We collected 251 AHY Sandhill Cranes of which 136 (54%) contained food in their upper digestive tracts (Table 1) . Subspecific and gender composition of cranes that contained food included 76 Canadian Sandhill Cranes, 33 Lesser Sandhill Cranes, and 27 Greater Sandhill Cranes, and 86 males and 56 females.
Plant materials (predominately agricultural plants and mostly grains) were the primary foods consumed in each region (Table 1) . Sorghum (Sorghum bicolor) seeds were consumed in all regions, ranging from 83% of the diet in the Lower Coast to 24% in the Rolling Plains where wheat (Triticum spp.) seeds predominated the diet (55%); 34% of the diet of cranes from the Mid-Coast consisted of rice (Oryza sativa) seeds (Table 1) .
Native plant material [nut-grass tubers, acorns, and spike-rush seeds (Eleocharis spp.)] represented almost half of the diet of cranes from the Mid-Coast and South Texas Plains, but less than 14% of the diet of cranes from the Lower Coast and Rolling Plains. In particular, nut-grass tubers had been consumed by approximately half of the birds collected from the Mid-Coast and South Texas Plains and represented 44% and 46% of their diets, respectively (Table 1) . Nut-grass tubers comprised the largest proportion of any native food in the diet of cranes in each region except the Rolling Plains where acorns (10%) represented a larger fraction of the diet (Table  1) .
Animal material consumed by wintering Sandhill Cranes consisted exclusively of insects and mollusk shells. Animal material never represented more than 5% of the aggregate dry mass of crane diets in any region; however, 50% of the cranes collected along the Lower Coast had ingested animal material (Table 1) . Insects, particularly adult and larval beetles (Coleoptera), crickets (Gryllidae), and grasshoppers (Acrididae) were the most frequently ingested animals in all regions. Mollusk material in the diet of cranes consisted entirely of empty shells and shell fragments rather than whole organisms.
The frequency of consumption of plant material relative to animal material differed among regions ( 2 ϭ 8.46, 3 df, P ϭ 0.04), as did agricultural and native plant material ( 2 ϭ 13.58, 3 df, P ϭ 0.004). The proportional dry mass of plant and animal material in diets differed ( 2 ϭ 13.8, 3 df, P ϭ 0.003) among regions, with cranes along the Lower Coast consuming a higher (Q ϭ 2.56, P ϭ 0.01) proportion of animal matter than cranes from the Mid-Coast. Sandhill Cranes used native plant material in different ( 2 ϭ 18.90, 3 df, P Ͻ 0.001) proportions among regions, with native plant material representing a larger proportion of the diet of cranes from the MidCoast and South Texas Plains than the diets of birds from the Lower Coast (Q ϭ 2.55, P ϭ 0.011; Q ϭ 2.46, P ϭ 0.014, respectively) and Rolling Plains (Q ϭ 3.0, P ϭ 0.002; Q ϭ 2.75, P ϭ 0.006, respectively). Agricultural plant material was consumed in different ( 2 ϭ 9.46, 3 df, P ϭ 0.024) proportions among regions; Sandhill Cranes from the Rolling Plains ingested a greater proportion of agricultural plant material than cranes from the Mid-Coast (Q ϭ 2.23, P ϭ 0.026) and South Texas Plains (Q ϭ 2.31, P ϭ 0.021; Table 1 ).
The frequency with which agricultural, native plant, and animal materials occurred in Sandhill Crane diets within regions did not differ between sexes (all P Ͼ 0.05) or among subspecies (all P Ͼ 0.05). Additionally, there were no differences between sexes (all P Ͼ 0.05) in proportional dry-mass of animal, native plant, and agricultural plant material in their diets within regions, nor were there any differences among subspecies (all P Ͼ 0.05), except along the Lower Coast ( 2 ϭ 6.29, 2 df, P ϭ 0.043) where native plant material represented a larger proportion (Q ϭ 2.32, P ϭ 0.023) of the diet of Lesser Sandhill Cranes than of Greater Sandhill Cranes. DISCUSSION Sandhill Cranes wintering in central and coastal Texas were principally herbivorous with animal matter comprising less than 5% of the diet, which is similar to diets of migrating and wintering Sandhill Cranes from other areas in mid-continent North America (Iverson et al. 1982 , Tacha et al. 1985 , Walker and Schemnitz 1987 . Contrary to previous studies of Sandhill Crane food habits along the Gulf Coast (Guthery 1975, Hunt and Slack 1989) , we found that agricultural foods were a large component in the diet. Wintering Sandhill Cranes apparently exploited readily available plant foods with high levels of digestible energy (e.g., rice, sorghum, wheat, and nut-grass tubers). Where agriculture plant material comprised lower proportions of the diet, consumption of nut-grass tubers increased.
The difference in proportional dry mass of animal material between the diets of cranes from the Lower and Mid-Coasts is the result of cranes from the Lower Coast ingesting more mollusk shell fragments. Lewis (1974) observed snail shells in crane gizzards from coastal Texas and attributed this to cranes picking up shell fragments as grit. The diet of cranes from the Lower Coast was the least diverse of all regions and may have resulted in specific nutritional deficiencies. Reinecke and Krapu (1986) suggested that mollusks and other invertebrates provide nutrients to compensate for protein and calcium deficiencies of agricultural grains during spring migration. The importance of animal matter in the diet of migrating Sandhill Cranes was evident from time budget observations that indicated that cranes spent the same amount of time obtaining animal material (3% of their diet) as they did to obtain corn (97% of their diet; Reinecke and Krapu 1986).
Similar to our findings, Tacha and coworkers (1992, 1994) reported that diets of male and female Sandhill Cranes from other areas in central North America were the same during migration and winter. Sandhill Cranes provide extended bi-parental care for their offspring and the family functions as a single unit throughout the first 10-11 months after the young hatch (Tacha et al. 1992 (Tacha et al. , 1994 . Therefore, similarities in diet between sexes and age classes are likely. However, our sample sizes were relatively small for some sex and subspecies classes within regions.
Previous research on Sandhill Crane diet composition along the Gulf Coast of Texas indicated that the cranes relied primarily on natural foods throughout the winter (Guthery 1975, Hunt and Slack 1989) . However, differences in techniques used to analyze diet composition in those studies and the corresponding biases toward food items that remain identifiable in the gizzard and feces need to be considered when comparing results. Other factors that may affect diet composition of Sandhill Cranes in Texas include temporal distribution of foods and annual habitat variation. Guthery (1975) (Boyd and Hall, unpubl. data) . Because of their opportunistic feeding behavior, studies on localized food habits are important to determine potential effects on vertebrate and invertebrate prey communities. For example, in Queensland, Australia, several species of lizards, northern dwarf tree frogs (Litoria fallax), and young marine toads (Bufo marinus) are common prey items, although orthopterans are the major prey (McKilligan 1984) . Similarly, in northern Florida, orthopterans are the major food item during June and July (Fogarty and Hetrick 1973) . In South Africa, lepidopterans were the major prey from December to March, but annelids made up 44.5-67.5% of the prey from April to September (Siegfried 1971). Based on the stomach contents of 1 bird collected on St. Croix in February, Seaman (1955) reported that 92% of the contents were orthopterans, 6% were unidentified arachnids, and 2% were carabid beetles. Because information on the dietary habits of Cattle Egrets in the Virgin Islands is limited and because of potential impacts on endemic species, we identified and quantified the dietary components of Cattle Egrets during the winter on St. Croix Island.
STUDY AREA AND METHODS
We collected Cattle Egrets on St. Croix Island, a 212 km 2 island located 64 km south of St. Thomas. The birds were shot at Alexander Hamilton Airport (17Њ 42Ј N, 64Њ 48Ј W) as part of an ecological study conducted to supplement a wildlife hazard management plan. The flock, approximately 500 birds, was located in a mangrove stand east of the runway. Forty-four birds (24 males, 19 females, and 1 unknown sex) were collected on the afternoons of January 21-23, 1993. We removed the stomachs and preserved the contents in 10% formalin. We classified insect, centipede, and spider prey at the ordinal level (Borror and Delong 1964). Ticks (suborder Acarina) were identified to species, and the condition of the hypostome (mouthpart) was noted. We identified vertebrates to species (MacLean 1982; Schwartz and Henderson 1985, 1991) . Some reptiles could only be identified to genus because of advanced decomposition. Abundance of prey items was determined for each bird. Because invertebrates rarely remain intact during digestion, we chose a particular body part (e.g., thorax of lepidopterans and arachnids) to determine abundance. We determined volume by water displacement after soaking formalized specimens in water for at least 24 hr. Using these data, we estimated relative frequency by abundance (number of individuals of a prey item/total number of individuals of all prey items ϫ100), volume (volume of a prey item/total volume of all prey items ϫ100), and occurrence (number of samples in which a prey item occurs/total number of samples ϫ100) and calculated an index of relative importance [(relative frequency by abundance ϩ relative frequency by volume) (Telfair 1983) . In all of these studies, coleopterans, hymenopterans, hemipterans, dipterans, odonatans, and scolopendromorphan centipedes were of minor importance.
Other researchers reported that reptiles are not a major dietary component of Cattle Egrets (Snoddy 1969 , Fogarty and Hetrick 1973 , Telfair 1983 , McKilligan 1984 . In South Africa, vertebrates were more prominent in the diet during the wet season and early in the dry season (Siegfried 1971). The wet season on St. Croix begins in September and extends into December. Anolis acutus is the only Anolis species on the island (MacLean 1982) and occurred in 61.4% of the samples ( Table 1 ). The common dwarf gecko (Sphaerodactylus macrolepis), a common species in the West Indies (MacLean 1982, Schwartz and Henderson 1991) , occurred in 29.6% of the samples. The presence of these species suggests that Cattle Egrets likely forage in the taller vegetation or brushy habitats inhabited by these reptiles.
Only 1 mammalian species, the house mouse (Mus musculus), occurred in the stomachs, indicating that mammals are not a regular food item (Telfair 1983) . Caribbean white-lipped frogs (Leptodactylus albilabris), Antillean frogs (Eleutherodactylus antillensis), Cuban treefrogs (Osteopilus septentrionalis), and marine toads were infrequent prey items. Meat scraps occurred in 6 (13.6%) samples, often in conjunction with dipterans. Previous researchers (Schwartz 1969 , Pomeroy 1975 , Burger and Gochfeld 1985 have suggested that Cattle Egrets eat insects concentrated at refuse sites.
Ticks occasionally were present in the stomach contents. We found 128 specimens of Boophilus microplus in 5 birds. It is uncertain whether these birds obtained ticks attached to the host (Telfair 1983) . In a Florida study, no ticks were found in 841 Cattle Egret stomachs (Fogarty and Hetrick 1973) . However in Texas, 2 Lone Star ticks (Amblyomma americanum) were recovered from 1000 boluses (Telfair 1983), and Snoody (1969) found that ticks comprised 0.1% of the prey items in the sum- mer diet of Georgia birds. The occurrence of a broken hypostome (mouthpart) or presence of cement cones (formed as a part of the attachment process) around a hypostome suggests tick removal from a host by Cattle Egrets (McKilligan 1984) . Of 44 ticks selected randomly from boluses collected in Queensland, Australia, 3 had broken hypostomes, and 6 had cement cones. Using these criteria, we found that 107 (84%) ticks we observed likely had been removed directly from the host. The Cattle Egret is an opportunistic feeder that has colonized many diverse habitats. Their adaptability to agricultural practices necessitates localized food habits to assess potential impacts. In our limited sample, we found no evidence that Cattle Egrets were consuming threatened or endangered vertebrates. However, because vertebrates were common in the diet of Cattle Egrets on St. Croix, additional studies with larger sample sizes are warranted. 6 Corresponding author; E-mail: DaveAzure@fws.gov ditional reproductive capability exists when nests are destroyed by predation or weather related events. Future studies of nesting bitterns will need to consider renesting when estimating density of nesting females. Received 18 March 1999 , accepted 22 Dec. 1999 The American Bittern (Botaurus lentiginosus) is the most widely distributed wading bird in North America, breeding as far north as central Canada and wintering as far south as Central America (Bent 1926) . Breeding Bird Survey results indicate a decline of 2.2%/year for American Bitterns surveywide from 1966 (Sauer et al. 1997 . The American Bittern is listed as a migratory nongame bird of special concern by the U.S. Fish and Wildlife Service (1995) and is BlueListed by the National Audubon Society (Tate 1986).
The paucity of knowledge regarding American Bittern life history has inhibited the implementation of effective management techniques to reverse the downward trend in American Bittern populations. In 1994, we initiated a study to investigate these life history traits. Phase II of the project (1996) (1997) focused on estimating home-range size and habitat use by radio telemetry. Renesting by American Bitterns has been suspected (Svedarsky 1992), although not documented. We describe the renesting activities of a radiomarked American Bittern and provide nest site information. Mist nets and dip nets were used to capture female American Bitterns (Brininger 1996) . Captured birds were fitted with a necklace style radio package modified after Amstrup (1980) . Nests of radio-marked females were located by following the radio signal (Kenward 1987) and visually observing the female on the nest. Nest site characteristics were measured with a meter stick and included nest width and height, water depth, and height of tallest vegetation (from the ground) within 1 m of the nest, similar to methods described by S. Maxson (unpubl. data).
RESULTS AND DISCUSSION
The nest of a radio-marked American Bittern containing 3 eggs was located on 2 June 1996 in a dense stand of sandbar willow (Salix exigua) and giant reed grass. The nest was constructed of residual giant reed grass and measured 29 cm wide and 6 cm tall. The water depth at the nest site was 35 cm and the height of tallest vegetation within 1 m of the nest was 2.25 m (sandbar willow). The female was visually observed incubating the nest on 6 and 7 June but was not flushed; consequently, total number of eggs laid could not be determined. Radio telemetry and visual observation indicated she incubated the eggs until at least 11 June. We discovered at 11:00 CST on 12 June that the nest had been destroyed by a predator. No eggs or egg shells remained in or around the nest. On 8 July, the same radio-marked female was observed incubating a second nest containing 2 eggs. The second nest was located 3 km from the first, was constructed of sedge, and measured 29 cm wide and 4 cm tall. Water depth at the nest site was 35 cm and the height of the tallest vegetation within 1 m of the nest was 1.16 m (sedge). At 10:00 on 17 July, we discovered that a predator had removed one egg from the nest. The radiomarked female was not located at the nest site again. Because of a weak radio transmitter signal, the movements of the radio-marked female following the destruction of the second nest were not known.
These observations confirm the renesting ability of American Bitterns and suggest bitterns possess additional reproductive capability when nests are destroyed by predation or weather related events. This information, along with other life history traits documented by this study (Azure 1998 , Brininger 1996 , may facilitate further research. Currently, the most effective method of capturing female American Bitterns is to cover them with a dip net when they are on a nest. Renesting American bitterns offer additional opportunities for capture and should be considered when estimating density of nesting females. ABSTRACT.-I documented interspecific and intraspecific helping behavior (more than two adults feeding young at a nest) within sapsuckers of the genus Sphyrapicus. Of 120 nests, 97 belonged to Red-breasted (Sphyrapicus ruber), Red-naped (Sphyrapicus nuchalis), or hybrid (Red-breasted ϫ Red-naped) sapsuckers, and 23 to Williamson's Sapsuckers (Sphyrapicus thyroideus). Interspecific helping behavior was observed at two nests (1 with a Red-breasted ϫ Rednaped and hybrid female, 1 with Red-breasted ϫ Redbreasted and Williamson's male) and intraspecific helping behavior (Red-breasted male) was observed at one nest. Given the rarity of helping behavior observed in these species a functional advantage is unlikely; individuals that helped might simply have been responding to a feeding stimulus. Received 9 Aug. 1999 , accepted 23 Dec. 1999 Helping occurs when additional birds help the parents care for their offspring (Emlen and Vehrencamp 1983) . Intraspecific helping behavior in birds is widespread taxonomically but uncommon, occurring in just 2.4% of bird species (Emlen and Vehrencamp 1983, Stacey and Koenig 1990) . In addition to intraspecific helping behavior, interspecific helping behavior has been documented in birds. Taxonomically the distribution of interspecific helping behavior is widespread but rare (reviewed by Shy 1982 (Koenig et al. 1984 , Woolfenden and Fitzpatrick 1984 , Walters, 1990 . In other species, such as Bobolinks (Dolichonyx oryzivorus), Brewers Sparrows (Spizella breweri), Chipping Sparrows (Spizella passerina), and Hooded Warblers (Wilsonia citrina), sightings of intraspecific helping occur only rarely (Beason and Trout 1984 , Middleton and Prescott 1989 , Tarof and Stutchbury 1996 , Gill and Krannitz 1997 .
It has been suggested that interspecific helping behavior in birds provides evidence that intraspecific helping behavior evolved simply as a consequence of a response to a feeding stimulus (i.e., the begging calls of nestlings; Jamieson and Craig 1987) . However, this does not necessarily explain its current functional significance (Ligon and Stacey 1991 Davis 1973 , Hickery in Shy 1982 . This is the first time that helping has been documented between Williamson's and Red-breasted sapsuckers and between Red-breasted and Red-naped sapsuckers.
METHODS
The study was conducted in the Fremont National Forest in Lake County, Oregon (42Њ 30Ј N, 120Њ 40Ј W; 1890 m elevation) from March-August, 1994 . Study sites included large aspen (Populus tremuloides) and willow (Salix spp.) meadows and riparian corridors. The surrounding forest is a mixed conifer forest composed largely of lodgepole pine (Pinus contorta), ponderosa pine (Pinus ponderosa), and white fir (Abies concolor). Hybridization between Redbreasted and Red-naped sapsuckers occurs frequently at these sites (Trombino 1998 ). Williamson's Sapsuckers also nest at these study sites.
Sapsucker nests were located by observing adults feeding young. Red-breasted, Red-naped, and hybrid sapsuckers were color banded when possible by placing mist-nets in flight paths to sapwells or placing insect nets over nest holes while tapping on the tree trunk to encourage the birds to fly out. Unbanded birds could often be identified as Red-breasted, Red-naped, or hybrid by distinct facial plumage characteristics (Trombino 1998) . Helping behavior was defined as when more than two adults were seen feeding young.
RESULTS Ninety-seven Red-breasted, Red-naped, interspecific, and 23 Williamson's Sapsucker nests were located. Interspecific helping occurred at two nests. Interspecific helping behavior was observed at an interspecific nest between 20 June and 10 July 1996. Three sapsuckers were observed feeding young. The first individual was color banded and was classified as a hybrid female based on facial, wing, and tail plumage (Trombino 1998) . The second individual was also color banded and was classified as a Red-naped female. The third individual was not color banded but appeared to be a Red-breasted Sapsucker and presumably a male. The nest was observed for 2 hours on 20 June 1996 and on several other occasions until 10 July 1996. Each individual appeared to feed on all occasions and feedings occurred approximately every 4-10 minutes.
Interspecific helping was observed at another nest on 3-5 July 1996. Three sapsuckers were observed feeding young. Two of the individuals were Red-breasted Sapsuckers. The first individual was a color banded female. The second individual was not color banded but appeared to be a male. The third individual was a male Williamson's Sapsucker. The nest was observed for 4 hours on 3 and 5 July.
Young were fed 1-11 minutes. All individuals fed young, but the Red-breasted male fed the young less frequently than the other two.
In addition to observations of interspecific helping, intraspecific helping was suspected at one nest. Three Red-breasted Sapsuckers were observed at a nest on 11 July 1996. None of the adults were colored banded but each had a distinct facial pattern. Nestlings were fed at 4-13 minute intervals but feedings did not occur equally between individuals. One of the individuals was seen feeding young on only one occasion and of the remaining two one individual fed the young much more frequently than the other.
DISCUSSION
Helping in Red-breasted and Red-naped sapsuckers occurs infrequently. The best documented cases of helping behavior were interspecific. Helping feed another species' young would seem counter productive. However, in the case of the Red-breasted, hybrid, and Red-naped individuals, extra-pair fertilization cannot be ruled out. In the case of the Red-breasted pair being helped by the Williamson's male it is unlikely that extra pair fertilization had occurred. Hybrids between Red-breasted and Williamson's sapsuckers have not been documented at this site.
It is possible that an unmated male benefits by having the experience of feeding young or by being tolerated in that nesting territory in the following year (Emlen and Vehrencamp 1983) . Boundaries of territories shift from year to year and interspecific territoriality occurs between Red-breasted, Red-naped, and Williamson's sapsuckers (unpubl. data). Some cases of helping behavior of other species involved helping by an individual who had lost its mate or had a nest that failed (Shy 1982 ). This was not documented in the sapsuckers described here but could be a possibility because helping behavior was observed late in the nesting season. Given that helping behavior in sapsuckers occurs rarely, the most likely explanation is that birds are responding strongly to the feeding stimulus (Jamieson and Craig 1987) . If there was a functional advantage to helping in sapsuckers, it would be expected to occur more frequently in the population.
due to the difficulty in observing woodland raptors. Here we report observations at a nest that was attended by a female and two male Cooper's Hawks (Accipiter cooperii) in Tucson, Arizona.
A possible case of helping in Cooper's Hawks occurred during the 1996 breeding season at a nest discovered 8 April in a small neighborhood park in central Tucson. The pronounced sexual size dimorphism (Snyder and Wiley 1976 ) and age-specific plumage differences (Rosenfield and Bielefeldt 1993) exhibited by Cooper's Hawks allowed us to visually differentiate between sexes and between adults and subadults. An adult (ASY) female was observed adding sticks to a new nest structure in an aleppo pine (Pinus halepensis), and an ASY male made a prey delivery on the day the nest was discovered. The female had an aluminum U.S. Fish & Wildlife Service (USFWS) band on her right leg but the male was unbanded. No other Cooper's Hawks were observed at this time. Presumably the same two ASY Cooper's Hawks were seen again in the nest area on 20 April when another unbanded male made a prey delivery to the banded female. At 11:15 PST on 15 May the female was observed on the nest in an incubation position. The ASY male was not seen but a subadult (SY) male was perched approximately 150 m from the nest tree. The female did not display any discernable attention toward the SY male. During nest checks on 20 and 29 May, the SY male was perched in the nest tree within a few meters of the incubating female. At this time we assumed the SY male had replaced the ASY male. Only the female was observed during nest checks on 4, 10, and 17 June, and two nestlings were observed in the nest.
On 18 June we set a dho-gaza trap (Bloom 1987 ) with a Great Horned Owl (Bubo virginianus) near the nest. Both the ASY female and SY male were present and we captured the female at 05:10 and the male at 05:17. The time between captures was more indicative of the time it took to reset the trap than the aggression level of the SY male. We were processing the two hawks when the kik calls (Rosenfield and Bielefeldt 1993) of a male Cooper's Hawk drew our attention to an unbanded ASY male plucking prey atop a nearby telephone pole. We reset the trap and captured the ASY male at 05:45. The band on the female identified her as having been captured in 1995 as a SY bird at a nest 4.4 km away. We banded each male with an aluminum USFWS band and banded all three hawks with alphabetically coded plastic leg bands.
The female, SY male, and both nestlings were seen again on 22 June. On 27 June the banded ASY male was observed bringing prey to the nest area and giving the kik vocalization at 05:26. The female flew to the male and perched less than 2 m from him. She did not take the prey but flew to a different location after a few minutes. At 05:35 the SY male flew to the nest area with prey. The female flew to the SY male, took the prey from him, and began eating. Both males left the area shortly thereafter. At no time was there any indication of aggression between any of the Cooper's Hawks. Nestling mortalities from trichomoniasis resulted in nest failure by 30 June and no further observations where made.
There are at least two possible explanations for these observations. First, if our assumption that the SY male replaced the original ASY male is correct, a second ASY male joined the nesting pair. The observation of the female accepting prey from the SY male but not the ASY male suggests the SY male may have held a senior position in the trio. Alternatively, the original ASY male may have been present throughout the breeding season but had simply gone unobserved during several of our nest visits. In the first scenario, only one male is known to have provisioned the female, though the second ASY attempted to do so. In the latter, both males are known to have provisioned the female. In either case, none of the birds displayed any aggression toward each other, and all engaged in nest defense. These behaviors suggest that helping was occurring and are similar to reports in which food provisioning and nest defense were the primary roles among helpers at raptor nests (James and Oliphant 1986 , Dawson and Mannan 1991 .
Nest helping by related individuals may indirectly increase the helpers' genetic fitness (Woolfenden 1975) . We have no information as to the relatedness of the SY and ASY male Cooper's Hawks at the Tucson nest. The ASY female, however, had failed in her nesting at-
